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ABSTRACT 

A  series  of  wind  tunnel  tests  was  aonduoted  from  15  April  1979  to 
14  June  1979  at  the  University  of  Washington’s  3- ft  Venturi  tunnel  to 
gather  data  relevant  to  the  solution  of  a  propulsion  problem  and  to 
support  a  fin  redesign  effort  for  the  Advanced  Expendable  Mobile  Target 
(AEMT).  This  report  outlines  the  test  setups ,  describes  the  types  of 
tests  performed,  and  presents  selected  results.  In  addition,  all  of  the 
raw  data  gathered  during  the  tests  are  contained  in  an  appendix. 
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1.  INTRODUCTION 

A  series  of  tests  was  performed  on  the  Advanced  Expendable  Mobile 
Target  (AEMT)  vehicle  at  the  University  of  Washington's  (UW)  3- ft 
Venturi  Wind  Tunnel  from  15  April  1979  to  14  June  1979.  The  test  pro¬ 
gram  was  designed  to  complement  a  previous  test  series1  performed  in 
the  8-ft  wind  tunnel  at  the  Guggenheim  Aeronautical  Laboratory  of  the 
California  Institute  of  Technology  (GALCIT).  The  previous  tests  had 
been  limited  to  the  evaluation  of  hull  and  fin  hydrodynamics.  They 
resulted  in  an  essentially  clean  bill  of  health  for  the  hull,  but 
revealed  a  problem  with  flow  separation  on  the  fins. 

In  order  of  priority,  the  objectives  of  the  UW  tests  were: 

(1)  Collection  of  data  needed  to  correct  design  problems  with  the 
vehicle  propulsion  and  fin  hydrodynamics. 

(2)  Collection  of  data  for  predicting  the  vehicle's  performance  in 
future  field  trials. 

(3)  Confirmation  of  previously  postulated  causes  of  design  problems. 

(4)  Contribution  to  the  data  base  for  hydrodynamic  characteriza¬ 
tion  of  the  AEMT  vehicle. 

The  tests  were  formulated  to  achieve  specific  goals  that  had  been 
established  from  the  objectives.  These  goals  were: 

(1)  Measure  thrust  and  torque  characteristics  of  various  candidate 
propellers  when  operating  in  the  wake  of  the  hull. 

(2J  Measure  wake  velocity  and  take  static  pressure  profiles  of  the 
self-propelled  vehicle. 

(3)  Assess  propeller  inflow  effects,  including  the  effect  on  the 
propulsive  coefficient  of  fully  turbulent  flow  on  the  hull. 

(4J  Apply  flow  visualization  techniques  to  detect  flow  separation 
on  the  propeller  blades. 

[5J  Verify  that  the  chosen  fin  section  gave  attached  flow  over  85°o 
of  chord. 

(t>J  Measure  improvements  in  fin  drag,  lift,  and  flap  effectiveness. 

(7)  Measure  static  stability  of  the  vehicle  both  for  normal  hull 
flow  and  for  flow  tripped  at  nose. 
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(8)  Tailor  tin  size  so  as  to  achieve  neutral  static  stability. 

('.))  Measure  d raj;  of  the  fully  appended  hull  for  natural  transition 
and  for  tripped  flow. 


With  the  exception  of  goal  -1 ,  which  was  found  to  be  impractical,  all  of 
the  preceding  goals  were  achieved  to  a  degree  sufficient  to  satisfy  the 
objectives  of  the  test  program.  It  should  be  noted  that,  although  the 
wind-tunnel  data  formed  a  necessary  ingredient,  confirming  previously 
postulated  causes  of  design  problems  required  considerable  additional 
theoretical  analysis,  which  is  reported  in  Reference  2. 


2.  I’URPOSH  AND  SCOI'l: 

The  primary  purpose  of  this  report  is  to  preserve  the  raw  data  that 
were  acquired  during  the  Ah  Ml  vehicle  tests  at  the  UW  facility  but  that 
were  not  utilized  in  the  diagnosis  of  the  vehicle's  propulsion  problem.' 
The  reduction  and  analysis  were  limited  to  data  that  had  a  direct  bear¬ 
ing  on  the  problem.  Therefore,  the  residual  data  represent  an  untapped 
source  which  should  become  part  of  the  data  bank  on  hydrodynamics  tech¬ 
nology  generated  by  the  AhMT  program. 


A.  I  AC  11. 1  TV  INSCRIPTION 
S  .  1  Bas  i_c^  lac  i  1  i  t  v 

The  University  of  Washington's  Venturi  Wind  Tunnel,  a  facility 
designed  for  student  use,  is  located  in  Cugg  nheim  Hall  adjacent  to  the 
I'.k.  Kirsten  Wind  funnel.  The  design  is  a  semi-open  circuit  with  the 
return  air  path  through  the  room  enclosing  the  tunnel.  The  tunnel  has 
a  So  in.  (minor  axis)  hexagonal  test  section  36  in.  long,  an  overall 
length  of  22  ft,  and  is  housed  in  a  room  14  x  27  x  12-1/2  ft.  A  two- 
bladed,  aircraft-type  propeller  located  at  the  downstream  end  of  the 
iiffuser  section  exhausts  directly  into  the  room.  The  propeller  is 
driven  by  a  10  hp  dc  motor  with  manual  speed  control.  A  large  (3  in. 
mesh)  honeycomb  is  installed  across  the  open  end  of  the  inlet  cone  to 
straighten  the  flow.  The  test  section  is  provided  with  a  three-compo¬ 
nent,  manually  read,  automatic  beam  balance  having  a  resolution  of 
0..3  g.  The  force  balance  utilizes  mechanical  contacts  and  thyratron 
motor  controllers  to  achieve  self-balancing.  The  tunnel  achieves  a 
maximum  dynamic  pressure  of  approximately  18  psf  (pounds  per  square 
foot J  at  an  air  temperature  of  75°P. 
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3 . 2  Modi  f  icat  lolls 

Initial  tests  were  designed  to  assess  the  suitability  of  the 
facility  for  laminar  flow  testing.  The  tunnel  exhibited  severe  surging 
at  dynamic  pressures  (q)  between  approximately  15  psf  and  the  maximum  of 
18  psf.  A  survey  using  tufts  of  nylon  yarn  taped  to  the  diffuser  walls 
revealed  serious  flow  separation  and  unsteady  recirculating  flow.  An 
attempt  to  improve  flow  attachment  by  installing  a  double  row  of  vortex 
generators  near  the  inlet  to  the  diffuser  section  (i-'ig.  1)  was  only 
partially  effective;  however,  AKMT  program  scheduling  precluded  further 
improvement,  and  testing  proceeded  at  a  reduced  dynamic  pressure  of 
16  psf. 


Figure  1.  Double  vow  of  vortex  generators  installed  near  inlet  to 
diffuser  section. 


Initial  plans  for  the  wind  tunnel  tests3  anticipated  that  the  flow¬ 
straightening  honeycomb  might  generate  an  excessively  high  turbulence 
level  in  the  tunnel,  thereby  precluding  testing  with  laminar  flow  on  the 
hull.  Initial  hull  flow  visualization  tests  confirmed  this.  An  effort 
was  made  to  reduce  the  turbulence  level  in  the  tunnel  by  removing  the 
inlet  honeycomb.  However,  this  created  an  unsteady  cross  flow  in  the 


.•> 
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test  section  which  caused  severe  vibration  of  the  model.  further  flow 
visualisation  tests  revealed  that  the  large-scale  turbulence  generated 
by  the  honeycomb  did  not  preclude  achieving  laminar  flow  on  the  fins. 

Therefore,  the  decision  was  made  to  proceed  with  fin  testing  and  pro¬ 
peller  selection,  and  to  postpone  tests  dependent  on  laminar  flow  on  the 
hull . 

The  problem  of  installing  turbulence-control  screens  was  addressed  1 

on  completion  of  the  abbreviated  test  series.  fortunately,  a  successful 
solution  was  found  in  the  form  of  three  layers  of  aircraft  structural 
honeycomb  (0.20  in.  meshj  wired  to  the  downstream  face  of  the  flow 
straightening  honeycomb  on  the  inlet  (figs.  2  and  3).  The  addition  of 
the  turbulence-control  screens  reduced  the  maximum  achievable  q  from 
18  psf  to  10  psf.  At  10  psf,  the  tunnel  was  still  subject  to  surging, 
thereby  limiting  the  low  turbulence  testing  to  a  nominal  i|  of  0  psf. 

All  the  laminar  flow  tests  were  conducted  at  this  latter  q.  1 

4.  liXl’f  U IMHNTAI,  SI  TUI' 

4.1  Hull  Model 

A  full-scale  model  of  the  AliMT  hull,  in  both  unpowered  and  powered 
configurations,  was  mounted  to  the  two  support  forks  by  an  offset 
trunnion  as  shown  in  figures  4  and  5.  The  mounting  was  designed  to 
preclude  impingement  of  trunnion  flow  on  the  tail  fins  while  eliminating 
the  requirement  for  one-moment  transfer.  The  longitudinal  support  point 
was  as  far  aft  as  practical  to  preclude  premature  tripping  of  the  flow 
while  still  not  exceeding  the  maximum  pitching  moment  capability  of  the 
beam  >alance.  The  pitch  arm  was  pinned  to  a  tab  at  the  tip  of  the  lower 
vertical  fin. 

lhe  forcbody  of  the  hull  was  actual  field  test  hardware;  the  after¬ 
body  was  a  spare,  identical  to  the  field  test  unit. 

1.2  I  i n  Mode  1 

An  ellipsoidal  support  body  was  used  for  the  fin  testing  (Fig.  01. 

1  he  body  was  slotted  to  accept  individual  semispans  which  were  restrained 
by  set  screws.  An  adjustable  crank  arm  was  installed  in  each  side  of 
the  support  body  to  permit  fixed  deflection  of  the  flaps.  The  amount  of 
deflection  was  measured  with  a  machinist's  scale  based  on  movement  of 
tile  trailing  edge  from  a  scribed  neutral  position. 


k 
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Figure  C.  Fl  l  iysolJu  l  iSM-rort, 
i scnirr-tn:;, 


4 . 3  Powered  Mod_el_ 

For  the  powered  model  testing  (I  i  g .  a  high  speed  tie  motor 

(Premel  Model  No.  280,  Series  t>(>  -  J ,  with  the  rectifier  removed)  was 
installed  inside  the  hull.  this  motor  was  used  to  turn  various  candi¬ 
date  propellers  at  speeds  up  to  25,000  rpm.  The  propeller  speed  was 
monitored  by  an  internal  electronic  tachometer  developed  for  use  during 
later  field  trials,  as  well  as  by  a  Strobotac.  Power  for  the  motor  and 
instrumentation  was  provided  by  running  wires  through  the  hollow  support 
trunnions  and  taping  them  to  the  trailing  edge  of  the  nonmetric  portion 
of  the  main  support  forks.  Thus,  a  portion  of  the  wiring  contributed  to 
the  tare  drag  of  the  test  setup. 

4.4  Rake  I nsta 1 lat i on  and  Yaw  Head 

The  total  pressure  and  static  pressure  in  the  hull  boundary  layer 
and  in  the  wake  were  measured  with  a  12-tube  rake  (Tig.  8)  .  Tight  of 
the  tubes  measured  total  pressure  and  four  were  Pitot-static  tubes.  The 
same  rake  had  been  used  in  the  previous  wind  tunnel  test  series  at 
fiAl.tiiT.  The  rake  was  attached  to  a  manually  read  manometer  board  ill 
which  kerosene  was  the  working  fluid. 

In  addition,  a  six-tube  yaw  head  was  used  to  survey  the  tunnel  for 
flow  uniformity,  flow  angularity,  and  both  the  longitudinal  and  trans¬ 
verse  static  pressure  gradients. 
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5 .  TLST  PROCLDURLS 

The  wind  tunnel  test  plan3  called  for  six  classes  of  tests,  each 
involving  a  different  test  procedure.  Hach  test  run  was  identified  by 
a  digit  designating  its  class,  followed  by  a  period  and  two  more  digits 
indicating  the  specific  run  within  that  particular  class.  The  actual 
sequence  of  testing  involved  intermixing  tests  from  different  classes  as 
appropriate  to  the  efficient  use  of  test  time.  There  were  72  runs 
without  turbulence  control,  and  47  runs  using  the  turbulence  control 
honeycomb . 

5 . 1  Tunnel  Survey  Tests  (O.XX) 


The  first  seven  runs  were  utilized  to  survey  the  tunnel  with  a  six- 
tube  yaw  head  and  to  evaluate  the  effectiveness  of  an  array  of  vortex 
generators  for  improving  flow  attachment  in  the  diffuser  section.  For 
the  latter  work,  double  tufts  of  nylon  yarn  were  taped  to  the  diffuser 
walls.  The  program  schedule  did  not  allow  experimentally  relocating  the 
vortex  generators  to  improve  effectiveness;  however,  a  modest  improve¬ 
ment  was  achieved  by  bending  the  generators  to  reduce  their  angle  of 
attack. 

5 . 2  Facility  Baseline  Tests  (l.XX) 


A  total  of  14  runs  was  performed  to  assess  the  effect  of  tunnel 
turbulence  on  hull  and  fin  flow  conditions.  Normal  (i.e.,  low  turbulence) 
flow  conditions  had  been  established  through  flow  visualization  tests  at 
GALCIT;  therefore,  the  hull  and  fins  were  used  as  "calibrated"  indicators 
of  the  effective  turbulence  level  in  the  Venturi  tunnel.  A  wet  mixture 
of  kerosene  and  talc  applied  with  a  paint  spray  gun  was  used  to  visualize 
flow  on  the  hull  and  fins.  A  spot  trip  of  plastic  tape  was  located  at 
various  longitudinal  points  along  the  hull  to  help  determine  the  tran¬ 
sition  point;  the  absence  of  a  turbulent  wedge  downstream  of  the  trip 
indicated  that  transition  had  already  occurred. 

Seven  runs  in  this  class  were  used  to  assess  the  effectiveness  of 
the  turbulence  control  honeycomb.  These  runs  involved  flow  visualiza¬ 
tion  on  the  hull,  use  of  the  spot  trip,  and  comparison  of  the  resultant 
flow  patterns  with  the  GALCIT  results. 

Three  runs  were  used  to  gather  force  balance  data  and  additional 
flow  visualization  data  for  evaluating  turbulence  control.  Four  runs 
were  used  to  gather  rake  data  for  the  same  purpose.  Data  were  taken 
with  the  rake  centered  at  the  aft  end  of  the  tail  boom  in  the  boundary 
layer  and  at  several  transverse  stations  vertically  off  center. 
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Three  runs  were  utilized  to  measure  the  tare  drag  of  the  mounts  and 
the  electrical  wire  used  in  the  self-propelled  tests.  For  these  runs, 
the  support  forks  were  moved  closer  together,  and  the  two  halves  of  the 
support  trunnion  were  pinned  together  and  tied  to  the  pitch  arm  with  a 
fine  wire. 

5 . 3  Fin  Characterization  Tests  (2.XXJ 


Four  runs  were  utilized  to  measure  the  lift,  drag,  and  pitching 
moment  of  NACA-0009  fins  mounted  in  the  support  body.  Force  balance 
measurements  were  taken  over  an  angle  of  attack  range  of  ±5°  at  zero 
flap  deflection.  Flow  visualization  photographs  were  taken  at  zero 
angle  of  attack. 

Seven  flow  visualization  runs  were  used  for  a  side  by  side  compari¬ 
son  of  the  NACA-0009  fin  versus  the  NACA-16-006  fin  at  angles  of  attack 
ranging  from  0  to  ±3°.  For  these  runs,  a  16-006  semispan  was  mounted  in 
the  right-hand  side  of  the  support  body,  and  a  -0009  semispan  in  the 
left-hand  side.  Two  runs  were  made  with  a  single  16-006  semispan. 

Force  balance  data  were  recorded  on  all  nine  runs. 

Six  runs  were  utilized  to  measure  flap  effectiveness  of  the  NACA- 
0009  fins  at  zero  angle  of  attack.  Fixed  flap  angles  ranged  from  -4.7 
to  +5.7°.  Force  balance  data  were  recorded,  and  a  single  flow  visuali¬ 
zation  test  was  made  at  +5.7°. 

Five  runs  gathered  force  balance  data  on  two  NACA-16-006  semispans 
over  an  angle  of  attack  range  of  ±5°,  and  for  several  flap  angles  at 
zero  angle  of  attack. 

One  run  was  used  to  measure  the  lift,  drag,  and  pitching  moment  of 
the  bare  support  body  at  angles  of  attack  ranging  from  -5°  to  +6°. 


5 . 4  Static  Stability  Tests  (3. XX) 

Time  constraints  dictated  that  the  planned  static  stability  tests3 
be  modified  to  focus  on  appropriate  fin  sizing  and  the  effect  of  the 
transition  point  on  static  stability.  Three  runs  were  made  over  hull 
angles  of  attack  covering  a  nominal  range  of  ±4°.  Force  balance  data 
were  recorded  for  the  bare  hull  with  no  horizontal  fins,  for  the  fully 
appended  hull,  and  for  the  fully  appended  hull  with  a  spot  trip  at  the 
nose. 
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5.5  !’  rope  1 1  er  Screen  Lag  Tests  (4.  XXJ 

To  assess  the  thrust  and  torque  characteristics  of  various  candi¬ 
date  propellers,  force  balance  data  as  well  as  the  propulsion  motor 
voltage  and  current  were  recorded  at  a  variety  of  measured  propeller 
speeds  during  a  series  of  24  runs.  Propellers  tested  included  three 
two-bladed  model  hydroplane  propellers,  and  several  two-  and  three- 
bladed  model  airplane  propellers,  with  and  without  modifications.  These 
tests  were  hampered  by  shaft  vibration  problems  that  limited  the  choices 
of  propeller  speed.  Attempts  were  made  to  accomplish  flow  visualization 
bv  depositing  phenolphthalein  on  the  propeller  blades  and  bv  introducing 
a  fine  spray  of  aqueous  ammonia  at  the  tunnel  inlet.  These  attempts 
were  abandoned  after  one-half  day  of  unsuccessful  effort. 

An  alternative  approach  was  taken  to  gather  data  on  flow  separation 
from  the  propeller  blades.  This  approach  involved  the  introduction  of 
0.2  in.  mesh  honeycomb  into  the  propeller  inflow  (Fig.  9)  in  an  effort 
to  reduce  the  scale  of  the  turbulence  on  the  blades.  Presumably,  a 
sufficiently  small-scale  turbulence  could  produce  forced  turbulent  flow 
on  the  blades  and  improve  flow  attachment. 


Fi-rjrp  9.  Vc.'.h  hon,;r‘ontk  (0.9  in.)  fitted  to  the  propeller  inflow 
to  re-duo  a  • ale  of  turbulence  on  blades. 
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In  general,  the  propeller  screening  tests,  for  which  no  data  have 
been  reduced,  yielded  data  of  doubtful  value  because  the  torque  measure¬ 
ments  were  contaminated  by  a  relatively  high  tare  torque.  This  tare 
torque  resulted  partially  from  the  motor  design  and  partially  from  the 
sleeve  bearing  installed  to  support  the  propeller  shaft.  Because  of 
shaft  vibration  modes  this  latter  torque  contribution  varied  with 
propeller  speed,  making  it  necessary  to  select  test  points  carefully  to 
avoid  a  high  tare  torque.  This  problem  was  a  direct  result  of  the  low 
thrust  levels  chosen  for  the  propeller  screening  tests.  The  screening 
tests  were  terminated  with  test  4.21,  and  complete  tare  torque  measure¬ 
ments,  with  no  propeller,  were  made  over  a  wide  range  of  shaft  speeds  in 
test  4.22.  Subsequent  propeller  testing  at  substantially  higher  thrust 
levels  was  performed  in  the  Powered  Model  Tests  (5. XX). 

5 . 6  Powered  Model  Tests  (5. XX) 

Powered  model  tests,  encompassing  22  runs,  were  actually  an  exten¬ 
sion  of  the  propeller  screening  tests.  Rake  measurements  in  the  wake  of 
the  powered  model  were  recorded,  both  on  and  off  axis.  Also  tested  were 
hub/fairwater  options  ranging  from  the  original  (Mod  0)  configuration, 
through  a  no-fairwater  configuration,  to  a  so-called  Mod  I  configuration 
that  placed  the  propeller  at  the  downstream  end  of  a  30°  tail  cone 
(Fig.  8).  All  powered  model  tests  were  performed  in  the  low  turbulence 
tunnel  configuration. 

5 . 7  Field  Trial  Configuration  Checkout  (6. XX) 

The  objectives  of  this  test  series  were  accomplished  by  the  bound¬ 
ary  layer  rake  measurements  made  in  the  Facility  Baseline  Tests  (l.XX), 
which  were  taken  at  the  Pitot  tube  location  planned  for  field  trials. 
This  series  was  therefore  deleted  from  the  test  program. 


6.  DATA  REDUCTION 
6 .  1  Force  Balance  Data 

The  data  reduction  equations  for  the  force  balance,  as  supplied  to 
all  users  of  the  tunnel,  are: 

L  =  0.9986  L  +  0.00067  I)  +  0.00002  M 
r  r  r 

D  =  0.00036  L  +  1.00355  D  -  0.00018  M 
r  r  r 

M  =  0.0012  L  -  0.0004  D  +  0.9960  M 
r  r  r 

L  =  10  L. 
r  i 
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M  =  100  M. , 
r  1 

where 

L  true  lift,  in  grams 
L)  =  true  drag,  in  grams 

M  =  true  pitching  moment,  in  gram-centimeters 
L  =  apparent  lift,  in  grams 
l)  =  apparent  drag,  in  grams 

M  =  apparent  pitching  moment,  in  gram-centimeters 

=  indicated  lift  as  read  from  balance,  in  grams 

=  indicated  drag  as  read  from  balance,  in  grams 

Nf  =  indicated  pitching  moment  as  read  from  balance,  in  gram- 
centimeters. 


As  a  rule,  reference  data  at  zero  tunnel  q  were  recorded  at  the 
beginning  and  at  the  end  of  a  given  run.  The  readings  did  not  always 
repeat,  and  occasionally  a  run  was  repeated  for  this  reason.  This 
situation  resulted  from  chronic  problems  with  the  automatic  beam  bal¬ 
ance  that  were  caused  by  the  mechanical  contacts  of  the  servo  system. 
These  contacts  were  cleaned  occasionally  with  alcohol,  but  the  drag 
balance  in  particular  frequently  displayed  significant  hysteresis. 

0 . 2  Tunnel  Dynamic  Pressure 


The  Venturi  tunnel  is  equipped  with  a  q-piezometer  that  measures 
the  static  pressure  at  the  entrance  to  the  test  section  but  is  cal¬ 
ibrated  to  indicate  the  dynamic  pressure  at  that  station.  The  nominal 
calibration  of  the  q-piezometer,  as  supplied  to  tunnel  users,  is 

q  =  0.89  q^  +  1.36, 


where 


q  =  true  dynamic  pressure,  in  pounds  per  square  foot 
q ^  =  indicated  dynamic  pressure,  in  pounds  per  square  foot. 
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It  should  be  noted  that,  after  the  initial  tunnel  survey,  the  yaw  head 
was  used  routinely  as  an  auxiliary  source  of  tunnel  dynamic  pressure 
data . 


After  installation  of  the  turbulence  control  honeycomb,  a  new 
survey  of  the  tunnel  was  made  (6/14/79),  but  the  q-piezometer  continued 
to  be  used  for  convenience.  The  survey  consisted  of  a  ten  point  verti¬ 
cal  traverse  at  a  station  1  in.  downstream  of  the  entrance  to  the  test 
section  to  determine  the  true  dynamic  pressure  at  the  entrance  of  the 
empty  test  section.  The  traverse  showed  an  average  pressure  of  9.58  psf 
vs  an  indicated  pressure  of  13.5  psf  on  the  piezometer.  Essentially  all 
of  the  data  with  the  turbulence- control  honeycomb  installed  were  taken 
at  the  piezometer  reading  of  13.5  psf. 

6 . 3  Yaw  Head 

In  the  data  sheets,  the  yaw  head  location  is  given  in  (x,y,z) 
coordinates.  The  origin  of  the  coordinate  system  is  the  tunnel  center 
at  the  downstream  end  of  the  test  section;  a  positive  x  is  upstream,  a 
positive  y  to  the  right  facing  the  wind,  and  a  positive  z  downward.  The 
yaw  head  dynamic  pressure  calibration  equation  is 

q  =  1.023  (Pt  -  Ps), 


where 


P  =  total  pressure 
P  =  static  pressure. 


6.4  Wake  Rake 

In  recording  the  location  of  the  rake,  the  longitudinal  position 
of  the  tips  of  the  nine  total-pressure  tubes  was  used  as  a  reference. 
Therefore,  the  tips  of  the  four  Pitot-static  tubes  were  located  0.25  in. 
forward  of  the  reference.  Transverse  location  was  indicated  by  noting 
the  distance  from  the  surface  of  the  hull  or  the  distance  off  the  vehicle 
centerline  of  either  the  No.  (5,1)  or  the  No.  (16,4)  Pitot-static  tube, 
as  appropriate.  Tube  numbering  is  shown  graphically  on  the  manometer 
data  sheets  in  the  appendix.  Tube  Nos.  1  through  4  are  static  ports. 
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The  center-to-center  spacing  of  the  tubes,  in  inches,  as  measured 
upon  completion  of  testing  was: 

Tube  Number  Spacing  (in.) 


5,1  to  6 

0.110 

6  to  7 

0.113 

7  to  8,2 

0.124 

8,2  to  9 

0.  117 

9  to  10 

0.121 

10  to  11 

0.131 

11  to  12,3 

0.123 

12,3  to  13 

0.133 

13  to  14 

0.117 

14  to  15 

0.129 

15  to  16,4 

0.121 

Analysis  of  the  (potential  flow)  static  pressure  error  introduced 
by  the  proximity  of  an  adjacent  total-pressure  tube  to  a  static  port 
indicated  a  maximum  error  of  -0.00077  in  the  static  pressure  coeffi¬ 
cient,  a  negligible  quantity.  Because  the  static  ports  were  four  di¬ 
ameters  downstream  of  the  tip  of  the  Pitot-static  tubes,  tip  and  stem 
errors  for  those  tubes  should  be  negligible. 4  The  closest  spacing 
between  the  centerline  of  a  tube  and  a  solid  boundary  was  0.09  in.  for 
a  tube  of  0.0625  in.  diam.  Reference  4  indicates  an  error  in  velocity 
measurement  of  less  than  0.1%  under  this  worst-case  condition. 

(> .  5  Manometer 

The  specific  gravity  of  the  manometer  fluid  (kerosene)  was  determined 


from  theory  to  vary  with  temperature 

as  follows 

Temperature 

Specific 

(°H) 

Gravity 

70 

0.795 

73 

0.794 

75 

0.793 

78 

0.792 

80 

0.791 

82 

0.790 
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The  reference  for  specific  gravity  was  the  specific  weight  of  distilled 
water  at  4°C  (39.2°F),  or  62.427  lb/cu  ft.  A  typical  computation  of  the 
dynamic  pressure  at  an  air  temperature  of  75°F  would  be 


where 


(62.427  S.G.)  (cos  0)  psf 


h  =  measured  height  above  a  zero  reference  of  meniscus  of 
manometer  fluid  in  total-head  tube,  in  inches 

h  =  measured  height  above  zero  reference  of  meniscus  of 
s  n  b 

manometer  fluid  in  static-head  tube  (may  be  obtained  by 
interpolation  between  static  head  tubes),  in  inches 

=  dynamic  pressure  at  n^  total-head  tube 

S.G.  =  specific  gravity  of  manometer  fluid  at  given  air  temperature 

0  =  manometer  board  inclination  angle,  from  vertical, 
ordinarily  30°. 


In  most  of  the  manometer  data,  the  zero  reference  was  atmospheric 
pressure.  However,  in  some  wake  runs  with  the  self-propelled  vehicle, 
it  became  necessary  to  shift  the  zero  reference  by  an  arbitrary  amount 
to  facilitate  the  measurements.  In  a  few  cases,  this  shift  flawed  the 
data  by  introducing  reference  errors.  These  reference  shifts  did  not 
affect  the  measurement  of  dynamic  pressure,  but  did  directly  influence 
the  measurement  of  the  static  pressure  coefficient. 

6.6  Propeller  Characteristics 

6.6.1  Propeller  Shaft  Torque 

The  torque  delivered  to  the  propeller  shaft  was  computed  from  the 
armature  current  and  terminal  voltage  of  the  propulsion  motor  by  using 
the  results  of  previous  dynamometer  tests.  Data  prior  to  14  June  1979 
used  the  relationship 

Q  =  5.50  (I  -  0.2115  -  4.764  x  10_4V)  , 

where 

I  =  armature  current  in  amperes 
Q  =  shaft  torque  in  ounce- inches 
V  =  terminal  voltage  in  volts. 
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For  the  tests  of  14  .June  1979  only,  which  utilized  a  substitute  motor, 
the  following  relationship  was  used: 

Q  =  5.23  (I  -  0.2113  -  4.764  x  10'4  V)  . 


6.6.2  Pvopc  Her  Thrus t 

The  thrust  computation  is  simply 

T  =  0  -  I)  , 

o 

where 

L)  =  true  drag  of  hull  with  operating  propeller 

D  =  true  drag  of  hull  with  propeller  removed  but  hub  in 
1  place 

T  =  thrust. 


6.6.3  Thrust  and  Torque  Coefficients 

The  propeller  thrust  and  torque  coefficients  are  defined,  respectively, 
2 


by 


and 


T  = 
c 


^c  = 


TA 


2Trq  (T 


_qr 


2frqooR 

where,  in  consistent  units, 
Q  =  torque 


q^  =  free-stream  dynamic  pressure,  i.e.,  tunnel  q  including 
solid  blockage  correction 

R  =  propeller  tip  radius 

T  =  thrust 


and 


A  = 


U 

oo 

OR 


APL-UW  8014 


17 


UNIVERSITY  OF  WASHINGTON  ■  APPLIED  PHYSICS  LABORATORY 


where 


llu  =  free-stream  velocity 
27m 


60 


rad/s 


n  =  propeller  speed,  in  revolutions  per  minute. 


The  parameter  A  is  the  "apparent"  advance  ratio  based  on  the  Tree-stream 
velocity  rather  than  on  the  somewhat  more  nebulous  "true  speed  of 
advance . ” 


6. 7  Tunnel  Corrections 
6.7.1  Sol-id  Blocking 


An  experimental  solid  blocking  correction  was  obtained  by  averaging 
the  entrance  dynamic  pressure  at  eleven  yaw  head  survey  points  with  an 
empty  tunnel,  and  then  comparing  the  result  with  an  average  of  the 
dynamic  pressure  at  five  survey  points  with  the  hull  model  installed. 

The  dynamic  pressure  ratio  was  1.04,  implying  a  velocity  ratio  of  1.02. 
This  experimental  solid  blocking  correction  agrees  with  the  empirical 
result  of  Reference  3,  which  for  the  present  case  gives  a  velocity  ratio 
of  1.017.  In  the  data  reduction,  the  experimental  correction  of  1.04 
was  applied  to  dynamic  pressure. 

6.7.2  Buouancg 


A  longitudinal  survey  of  the  static  pressure  variation  along  the 
tunnel  centerline  (Manometer  Data  Sheet  No.  16- B  in  the  appendix)  gave 
an  average  gradient  of  -0.41  psf/ft  at  a  true  dynamic  pressure  of  9.58 
psf.  Applying  this  gradient  to  the  hull  yielded  a  drag  increment  of 
+0.125  lb,  or  a  drag  coefficient  increment  of  +0.0283.  Accordingly,  a 
buoyancy  correction  of  +0.0283  was  applied  to  hull  drag  coefficient 
measurements  with  the  turbulence  control  honeycomb  installed.  The  drag 
coefficient  of  the  basic  hull  is  about  0.02,  introducing  the  possibility 
of  rather  large  errors  in  hull  drag  coefficients  obtained  from  force 
balance  data.  In  view  of  this,  the  hull  drag  coefficient  of  0.01648 
computed  from  the  wake  velocity  defect,  must  be  considered  more  accurate 
(see  Section  7.7). 

6 .  S  Mount  1'are 

Mount  tare  drag  consists  of  the  drag  of  the  metric  portions  of  the 
two  main  forks,  the  drag  of  the  pitch  arm  and  the  drag  of  the  exposed 
propulsion  wiring,  when  used.  The  measured  drag  of  all  these  elements 
at  q  =  9.58  in  the  low  turbulence  configuration  was  90.5  g.  In  taking 
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this  measurement,  an  allowance  of  3.0  g  was  made  for  the  fine  wire  used 
to  tie  the  trunnion  to  the  pitch  arm.  Removing  the  electrical  wire 
reduced  the  drag  by  13  g.  Expressed  as  an  equi valent  hull  drag  coeffi¬ 
cient,  the  mount  tare  is: 

AC.  =  0.0397,  without  electrical  wire, 
dv 


and 


AC,  =  0.0464,  with  electrical  wire, 
dv 

where  C  is  the  hull  drag  coefficient  referenced  to  hull  volume  to  the 
2/3  power.  Because  the  basic  hull  drag  coefficient  is  about  0.02,  the 
use  of  a  conventional  fork-type  mount  introduces  the  possibility  of 
large  errors  in  drag  measurements  on  a  low-drag  hull.  As  noted  in  the 
preceding  section,  these  large  corrections  suggest  using  the  alternative 
technique  of  wake  survey  for  hull  drag  measurements. 

In  the  high  turbulence  configuration,  the  mount  tare  drag  without 
electrical  wires  was  measured  to  be  131.5  g  at  16  psf,  giving  a  mount 
tare  of 


AC.  =  0.0403,  without  electrical  wire, 
dv 

The  tunnel  turbulence  level  has  no  measurable  effect  on  mount  tare  owing 
to  the  low  Reynolds  number  on  the  mount  components. 


7.  REDUCED  DATA 
7 . 1  Flow  Visualization 

Figure  10  presents  the  flow  pattern  on  two  semispans  of  the  NACA- 
0009  fins  taken  during  run  2.03,  at  16.05  psf  and  zero  angle  of  attack, 
in  the  high  turbulence  tunnel  configuration.  Laminar  flow  exists  up  to 
the  laminar  separation  point,  typically  at  approximately  75°o  of  chord. 
This  separation  is  due  to  the  low  chord  Reynolds  number  on  the  fin.  The 
pattern  is  strikingly  similar  to  the  fin  separation  pattern  depicted  in 
Figure  12  of  Reference  1  for  a  q  of  7.7  psf  in  the  low  turbulence  GALCIT 
tunnel . 


Figure  11  presents  the  results  of  a  side-by-side  comparison  of  the 
original  NACA-0009  fin  (port  semispan)  with  the  candidate  NACA-16-006 
fin  (starboard  semispan)  during  run  2.05  at  16.05  psf  and  zero  angle  of 
attack.  At  zero  angle  of  attack,  the  16-006  fin  is  characterized  by 
sharply  defined  delayed  laminar  separation  which  is  consistent  with  what 
would  be  expected  on  the  basis  of  the  static  pressure  characteristics  of 
the  section.  The  separation  point  is  83°o  to  85“o  of  chord. 
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I  igurc  13  is  from  run  J.iKS,  which  was  a  repeat  ol  Uun  J.07,  hut 
with  a  very  heavy  coat  of  herosene/t a  1  c  to  briny;  out  the  leading  edy;e 
bubble  on  the  lo-noo  semispan.  The  leading  edge  bubble  is  sharply 
defined  and  constrained  to  a  very  small  ehordwise  dimension  of  approxi¬ 
mately  0.1  in.  i he  pattern  over  the  remainder  of  the  semispan  supports 
the  interpretation  of  uniformly  incipient  separation. 


Fiour''  Fane  as  Vljui'c  ’i,  but  stbh  a  itcvj  tism'b  aoat  of  <oi'oscno/tuli 

to  bi'inj  out  the  Icadinj  e-Ljc  babble  on  the  1C- 000  senispan. 
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7.2  Hull  Flow  Visualization 


Figure  14,  from  run  1.12,  shows  the  characteristic  turbulent  wedge 
generated  by  a  tape  spot  trip  after  the  installation  of  the  turbulence 
control  honeycomb.  Figure  15,  from  run  1.10,  shows  the  trunnion  attach¬ 
ment  point  to  be  sufficiently  far  aft  on  the  hull  to  minimize  premature 
transition.  Figure  16,  from  run  1.11,  shows  the  well  defined  turbulent 
reattachment  point  on  the  afterbody.  The  highly  reflective  area  immedi¬ 
ately  upstream  of  reattachment  is  interpreted  as  a  laminar  bubble  that 
extends  forward  almost  to  maximum  diameter.  In  this  region,  the  kerosene/ 
talc  mixture  was  observed  to  migrate  slowly  downstream  without  drying, 
and  tended  to  pile  up  at  the  reattachment  boundary.  Figure  16,  taken  at 
10  psf,  bears  a  striking  similarity  to  Figure  8  of  Reference  1  taken  at 
7.7  psf. 

7 . 3  Fin  Lift  and  Drag  Coefficients  and  Flap  Fffectiveness 

Figure  17  graphically  compares  the  lift  and  drag  coefficients  of 
the  two  fin  sections  tested.  The  open  circles  apply  to  the  NACA-0009 
fins  at  16  psf  in  the  high  turbulence  tunnel.  The  closed  circles  apply 
to  the  NACA- 16-006  fins  in  the  low  turbulence  tunnel. 

Analysis  of  the  data  from  runs  2.15  through  2.19  and  runs  2.20 
through  2.24  at  zero  angle  of  attack  yielded  a  flap  effectiveness 
factor,  Aa/A6,  of  0.15  ±0.02  for  flap  deflections  (6)  less  than  9°. 

7.4  Static  Stability  Characteristics 

Figure  18  compares  the  pitching  moment  for  the  unappended  hull 
(open  squares)  and  the  pitching  moment  with  fins.  Included  is  a  run  in 
which  the  flow  was  tripped  at  the  nose  to  assess  the  effect  of  fully 
turbulent  hull  flow  on  static  stability.  Note  that  a  large  shift  (1.9  x 
10' 3  g-cm)  in  tare  pitching  moment  has  been  removed  from  the  data  for 
run  5.20  to  facilitate  comparison. 

7 . 5  Hull  Boundary  Layer  Velocity  Profiles 

Figures  19,  20,  and  21  present  the  boundary  layer  velocity  profiles 
at  the  end  of  the  tail  boom  (X/L  =  1.0)  for  three  q's  in  the  high  turbu¬ 
lence  tunnel. 

Figure  22  presents  the  boundary  layer  velocity  profile  at  X/L  =  0.99 
for  a  q  of  9.97  psf  in  the  low  turbulence  tunnel. 

Figure  23  shows  the  boundary  layer  velocity  profile  at  the  fin's 
leading  edge  (X/L  =  0.92)  under  conditions  of  natural  transition  in  the 
low  turbulence  tunnel.  Figure  24  applies  to  identical  conditions  except 
that  the  flow  was  tripped  to  turbulent  at  the  nose. 
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□  -  BARE  HULL,  RUN  4  27 


o  -  NACA  0009  FINS 
RUN  4.26 

A  -  NACA  0009  FINS  ANO 
NOSE  TRIP,  RUN  4.25 
•  -  NACA  16-006  FINS,  RUN  5  20 
(1.9  i  I0'J  MOMENT  OFFSET) 


Figure  18.  Static  stability  characteristics  in  the  low  turbulence 
tunnel  at  q  =  9.  77  psf. 
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Figure  19.  Boundary  layer  velocity  profile  at  tail 
(X/L  =  1.0);  high  turbulence  tunnel , 
q  =  8.9  psf ,  run  1.09 ,  natural  transition. 
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Figure  20. 


Boundary  layer  velocity  profile  -jt  tv 
(X/L  =■  1.0);  high  turbulence  turm-.  : , 
q  —  12.0  psf,  run  1.10 ,  natural 
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Figure  21. 


Boundary  layer  velocity  profile  at  ta 
(X/L  =  1.0);  high  turbulence  tunnel, 
q  =  16.0  psf ,  run  1.11,  natural  trans 
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Figure  22. 


Boundary  layer  velocity  profile  at  t>. 
(X/L  =  0.99);  low  turbulence  tunnel, 
q  =  9.97  psf,  run  1.15,  natural  ty\m 
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Figure  23. 

Boundary  layer  velocity  profile  at  leading 
edge  of  fin  (X/L  =  0.92);  low  turbulence 
tunnel ,  q  -  9.97  psi,  run  1.20 ,  natural 
transition. 
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Figure  24. 

Boundary  layer  velocity  profile  at  leading 
edge  of  fin  (X/L  -  0.92);  low  turbulence 
tunnel,  q  -  9.97  psf ,  run  1.21 ,  flow 
tripped  at  nose. 


1 . 6  Propeller  Data 

Table  I  lists  the  propellers  tested  and  the  key  installation 
details.  Table  II  presents  selected  reduced  data  which  also  appear  in 
graphical  form  in  Figures  25  through  34. 


28 


APL-UW  8014 


‘‘Clipped  from 


UNIVERSITY  OF  WASHINGTON  •  APPLIED  PHYSICS  LABORATORY 


Table  II.  Reduced  data  for  selected  propellers  in  low  turbulence  tunnel. 
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Figure  26.  Propeller  characteristics  of  Grish  "Tornado"  propeller 
with  5.6  in.  diameter  and  3.1  in.  pitch ;  run  5.01  with 
Mod  0  fairwater  configuration. 
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gure  27.  Propeller  characteristics  of  Grish  ’’Tornado”  propeller 
with  5.6  in.  diameter  and  3.1  in.  pitch;  run  5.05  with 
Mod  0  fairwater  configuration  and  tail  honeycomb . 
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Figure  28.  Propeller  characteristics  of  Grish  "Tornado”  propeller 
with  5.6  in.  diameter  and  3.1  in.  pitch;  run  5.08  with 
no  fairwater. 
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'igure  29.  Propeller  characteristics  of  Grish  "Tornado"  {.revel 
with  5.6  in.  diameter  and  3.1  in.  pitch  clipped  t 
3.6  in.  diameter;  run  5.09,5.10  with  no  fairwater. 
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Figure  30.  Propeller  characteristics  of  Grish  "Tornado"  pro: 'idler 
with  5.6  in.  diameter  and  4  in.  pitch;  open  symbols: 
run  5.11,  no  fairwater;  closed  symbols:  run  5.24,  Hod  1 
fairwater. 
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APPARENT  ADVANCE  RATIO  (X) 


Figure  31.  Propeller  characteristics;  run  5.15  with  no  fairwater 
and  Oatura  2.8  propeller  with  2.76  in.  diameter  and 
5.03  in.  pitch. 
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Figure  32.  Propeller  characteristics;  run  5.17  with  Mod  0  fairwater 
and  Oatura  2.8  propeller  with  2.76  in.  diameter  and 
5.03  in.  pitch. 
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arc  55.  Candidate  propeller  characteristics;  run  5.21  with  Mod  I 
fairwater  and  Datura  2.8  propeller  with  2.76  in.  diameter 
and  5.05  in.  pitch. 
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Figure  34.  Candiate  propeller  characteristics;  run  5.25  with  Mod  I 

fairwater  and  Octura  1270  propeller  with  2. 76  in.  diameter 
and  3.27  in.  pitch. 
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7.7  Wake  Survey  Data 


Selected  wake  survey  data  in  the  low  turbulence  tunnel  are  listed 
in  Table  III  and  are  shown  in  graphical  form  in  Figures  35  through  38. 
Figure  35  presents  the  wake  velocity  profile  for  the  basic  huli  with  no 
propeller,  but  with  the  Mod  I  hub/fai rwater  configuration.  Figure  55 
also  presents  the  hull  velocity  profile  with  a  honeycomb  ring  around  the 
tail  boom  aft  of  the  fins  (Fig.  9).  Figure  36  presents  the  velocity 
profile  in  the  wake  of  the  hull  with  the  Grish  5.6  in.  x  3.1  in.  pro¬ 
peller  in  the  Mod  0  configuration,  turning  at  19,500  rpm.  Also  shown  is 
the  velocity  profile  for  the  same  propeller,  turning  at  the  same  speed, 
but  with  the  honeycomb  ring  positioned  in  the  inflow. 

Figure  37  presents  the  velocity  profile  in  the  hull  wake  with  the 
Octura  2.8  propeller,  with  no  hub/fairwater ,  turning  at  24,400  rpm. 

These  data  are  almost  indistinguishable  from  those  for  the  Mod  0  hub/ 
fairwater  configuration.  Also  in  Figure  37  are  wake  data  for  the 
Octura  2.8  propeller  in  the  Mod  I  hub/fairwater  configuration. 

Figure  38  presents  the  velocity  profile  behind  the  hull  with  the 
Octura  1270  propeller,  in  the  Mod  I  configuration,  turning  at  22,000  rpm. 
The  only  significant  difference  in  geometry  between  this  propeller  arid 
the  Octura  2.8  is  the  pitch. 

Graphical  integration  of  the  wake  velocity  deficit  for  the  clean 
hull  in  Figure  35  yielded  a  hull  drag  coefficient  of  0.01648  for  an 
equivalent  speed  of  4.6  kn  in  fresh  water. 
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Figure  35. 

Wake  velocity  profile  for  AEMT  hull  with 
Mod  I  hub/fairwater  configuration  and  no 
propeller . 
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Figure  36. 

Wake  velocity  profile  for  AEMT  hull  with 
Grish  propeller  and  no  huh/fairwater. 
n  =  19,500  rpm;  \  -  0.195. 
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Figure  37. 

Wake  velocity  profile  for  AEMT 
hull  with  Ootura  2.8  propeller. 

Run  5.16:  n  =  24,400  rpm;  \  =  0.364. 
Run  5.  21:  n  =  22,  580  rpm;  A  =  0.  342. 
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Figure  38. 

Wake  velocity  profile  for  AEMT  hull  with 
Mod  I  huh/fairwater  and  Octura  1270 
propeller,  n  =  22,000  rpm;  \  =  0.351. 
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Table  III.  Reduced,  data;  wake  velocity  profile  at  q  =  9.79  psi. 


U 

IJ 

•jp 

Run 

y 

IJ 

ir- 

{ill. 

Notes 

No. 

(in.) 

\  0 1  e  s 

1) 

0.  589 

Mod  I  hub/ fa i rwater 

5.04 

I.  10 

0.842 

Mod  1  hub/fa  1 rwater 

0.  1  21 

0 .54'i 

No  propeller 

1.221 

0.83.) 

Honeycomb  ring  aft  of 
No  propeller 

0.250 

O.oo7 

J .  55 

0.875 

0. 5b7 

0.  759 

1 .4b7 

0.  894 

I-.5CH) 

0.781 

1 .  (>« 

0.891 

<  .  b25 

0.824 

1 . 725 

0.922 

0  **34 

0.8b  2 

1.854 

0.  891 

i).  ■{-;» 

0.889 

1.975 

0.905 

0.992 

0.91  1 

2.092 

0.879 

UlO 

0.953 

2.21b 

0.884 

i .  229 

0.95.2 

2.329 

0.912 

1  .  559 

0.955 

5 .  •  1 1 

2.  139 

0.907 

1.10 

0.957 

Mod  I  hul»/  fa  i  rwa  ter 

5. 02 

0.  0 

0.022 

(Irish  5.0”  \  5.1" 

i.:ji 

0. 952 

No  propeller 

0.  121 

b.o53 

Mod  0 

n  =  19,500  rpm 

1 . 350 

0.  904 

0.25 

0.024 

>  =  (J.  195 

1.407 

0.904 

0.  3b  7 

0.  ?.ib 

1  .bill) 

0.907 

0.500 

n.819 

1.7  25 

0. 97 J 

0.  (>25 

0 . 9.3b 

1 . 854 

0.979 

0.754 

0.  978 

1 . 075 

0.980 

0.875 

1.00 

2 .  092 

U.  980 

0.992 

1 . 05 

2.2 1  o 

0.979 

1  .  1  I  (» 

1.0“ 

2.  5  JO 

0.979 

1 . 229 

1 .08 

2.459 

0.975 

5.02 

1 . 539 

1 . 07 

0 

M.301 

Mod  I  hub/ fa  1 rwater 

5.01 

I  .  10 

1  .(IS 

Hr  i  sh  5 . (*"  a  5.  1 " 

0.450 

Honeycomb  ring  aft  of  fins 

1.10 

Mod  0 

No  propeller 

11  -  19, 500  rpm 

0. 23 

0.4  77 

1 . 35 

1  .  10 

a  =  0. 195 

0.3b  7 

0,583 

1 . 4b7 

1  .  10 

0.50 

0.079 

1 . 00 

1 . 09 

0.b25 

0.  7_'5 

1 . 723 

1.07 

0.754 

0.  750 

1.854 

0.914 

i».S75 

0.792 

1.975 

0.9-1 

0.992 

0.810 

2. 092 

0.957 

1 .  lib 

0.820 

2.21b 

0.  954 

1  .  229 

0.803 

0.  977 

0.971 

I  .  3  50 

0.882 

5.01 

2.439 

38 


APL-UW  8014 


UNIVERSITY  OF  WASHINGTON  •  APPLIED  PHYSICS 


Table  III,  continued. 


un 

y 

U 

'll- 
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V 

1/ 

o . 

Un. 

Notes 

No. 

(in. 

.  Ob 

0 
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(.Irish  5.(>"  x  5.1" 

-  j. 

0 

0.<>51 

0. 121 

0.525 

Mod  0  with  honeycomb 
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0.121 

0.  7(>9 

o  25 

0.5S4 

n  =  19,500  rpm 

0.25 

0.  792 

0.  5b" 

0.001 

a  =  0.195 

0.  5b" 

0.  905 

0.500 

0.  "75 
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1  .  Ob 

o.(>25 

O.S(>9 

0.  (>25 

1  .  in 

0.754 

0.952 

11.754 

1  .  1  J 
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1.17 

0.95)2 
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0.992 

1 . 20 

l  .  1  H> 

1 .000 

1.11b 

1  .  18 

1.220 
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1.229 

1 . 00 
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1.55‘) 
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5.21 

I  .  559 
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1 .  10 

l .  02 
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5  25 

0 

0 

1.221 

1.05 
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0.  591 

l . 

1  .  Oo 
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0.  "bj 

i  .4i.r: 

1  .o"S 

•  --  0.195 

0. 5<>7 
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1 .00 

I  .  0" 
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0.8b4 

l  .  "25 

0.9"  5 

n.  (>25 
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1.854 

0.902 

0.  754 

0.954 

i  .o::, 

o.  o:.i 

0.  87' 

'"0 

2 . 002 

0. 999 

0.992 

9.972 

2  .  2  1  o 

0.922 
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•  ;  •«, 

o.  9j  l 

1 .  25 
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0.  8  89 

1 . 54 

.  1«» 
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'  !i .  5b  4 

II. 
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.  21 


LABORATORY 


Not  v  • 


Octcr.i  2.s 
Mod  I  hub/  fa  i  rw.it  it 
n  t  22,580  rpm 
A  =  (1.542 


Octura  12"0 

Mod  1  hub/fa i rwat er 

n  -  22,000  rpm 

*  -  0.55 i 


APL-UW  8014 


39 


UNIVERSITY  OF  WASHINGTON  •  APPLIED  PHYSICS  LABORATORY 


8.  CONCLUSIONS 

As  noted  in  the  Introduction,  the  test  goals,  involving  the  acqui¬ 
sition  of  specific  test  data,  were  judged  to  be  accomplished  to  a  degree 
sufficient  to  satisfy  the  overall  objectives  of  the  test  program.  This 
judgement,  of  course,  is  necessarily  somewhat  subjective  in  that  the 
adequacy  of  the  data  can  only  be  assessed  after  subsequent  analysis  and 
interpretation  within  the  context  of  the  problem  to  be  solved.  Never¬ 
theless,  it  is  possible  to  draw  tentative  conclusions  on  the  strength  of 
the  reduced  data  with  regard  to  three  of  the  four  objectives  listed  in 
the  Introduction.  Specifically,  it  is  concluded  that: 

(1)  Powered  model  data  indicate  that  the  Octura  2.8  propeller  in 
the  Mod  I  configuration  has  the  potential  for  correcting  the 
problem  of  low  propulsive  coefficient.  The  NACA  16-006  fin 
choice  achieves  attached  flow  over  about  85“°  of  chord  as 
desired. 

(2)  The  excellent  correlation  between  the  vehicle  hull  drag 
measurements  in  the  University  of  Washington  facility  and 
those  in  the  GALCIT  facility,  in  combination  with  the  powered 
model  data  gathered  in  the  former  facility,  provides  an 
excellent  basis  for  predicting  vehicle  performance  in  future 
field  trials. 

(3)  Although  the  specific  cause  of  low  propulsive  coefficent  was 
localized  to  the  use  of  the  Web  2.75  propeller,  it  is  im¬ 
possible  to  conclude  the  nature  of  the  deficiency  in  that 
propeller  from  the  Venturi  wind  tunnel  tests,  since  it  was  not 
possible  to  test  the  propeller  at  the  high  rpm's  required  by  a 
wind  tunnel  test. 

(4)  The  acquisition  of  the  additional  wind  tunnel  data  does 
contribute  to  the  technology  data  base  for  hydrodynamic 
characterization  of  the  AEMT  vehicle. 
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